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Inspection light 
dose not transmit  
EUV mask

IntroductionIntroduction

Differently from optical photomask, EUV mask defect 
inspection uses only reflected light

Optical mask EUV mask

Reflected light

Transmitted light

Reflected light
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Inspection test sampleInspection test sample

Test sample A
w/ buffer
Si capping

6025Qz

Mo/Si 40pair

6025Qz

Mo/Si 40pair

Test sample A’
w/o buffer

(after buffer etch)
Si capping

LR-TaBN 
70nm

Si capping
11nm

CrN buffer
10nm

6025Qz

Mo/Si 40pair

Test sample B
w/o buffer
Ru capping

LR-TaBN 
85nm

Ru cap.
2.5nm
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Reflectivity curve of EUV mask Reflectivity curve of EUV mask 

Courtesy of HOYA

Optical property was optimized for defect inspection  
with 257nm wave length
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Evaluation toolEvaluation tool

Program defect size measurement
• CD-SEM 

: KLA 8250R
• Pattern edge detection & area size measurement

: In-house software

Defect print simulation
• Kirchhoff simulation.

Inspection tool : KLA586
• Wave length 257nm / Pixel size 90nm 
• DD / DB
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Resist patterning :  50kV EB writer with PCAR 300nm 
Main pattern  :  1:1 dense line 
Main pattern size :  hp 260nm/180nm @ mask

Programmed defectProgrammed defect

SEM images : main pattern size 260nm

large CDsmall CD1x2 opaque 

extension

1x2  clear 

extension

1x1 opaque 

extension

1x1 clear 

extension

bridgeline cutpin dotpin hole

9876543210

Absorber
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1.  Measured defect size = square root of area (nm)

Program defect size measurementProgram defect size measurement

pattern edge definition area size measurementSEM image

2.   CD error = |defect line CD - reference line CD|
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Defect printability simulation sample 

1x1 opaque extension

1x2 opaque extension

1x2 clear extension

1x1 clear extension
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Optical image on wafer
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Defect inspection resultsDefect inspection results
~~Si cap / CrN buffer structure : 260nm hpSi cap / CrN buffer structure : 260nm hp ~~

Inspection sensitivity difference between w/ and w/o 
buffer pattern was not observed 

5% CD error
10% CD error(by simulation)
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Light intensity profile of defectLight intensity profile of defect

Defect 

0 500 1000 1500 2000
Position nm

0 500 1000 1500 2000

Position nm

Reference 

1x2 clear extension : defect size 82nm 1x2 opaque extension : defect size 51nm

Good light intensity profile was obtained at 260nm pattern.
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position nm
500 1000 1500 2000

0

Defect inspection results Defect inspection results 
~~Si cap / CrN buffer structure : 180nm hpSi cap / CrN buffer structure : 180nm hp ~~

1x2 clear extension  defect :Defect size 93nm

0

position nm
1000 1500 2000500

1x2 opaque extension defect : Defect size 75nm

5% CD error
10% CD error
(by simulation)
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Defect inspection resultsDefect inspection results
~ Ru Capping structure  ~~ Ru Capping structure  ~

~ 260 nm hp ~~ 260 nm hp ~ ~ 180 nm hp ~~ 180 nm hp ~
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180nm size Si cap

0

40

80

120

160

d
e
fe
ct
 s
iz
e
 n
m

Sensitivity difference between hp260nm to hp180nmSensitivity difference between hp260nm to hp180nm

Minimum defect size detected by DD mode

� Inspection sensitivity of hp180nm pattern is slightly lower than hp 260nm pattern
� Inspection sensitivity of Ru capping sample is close to Si capping sample. 
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DUV review images of real defectDUV review images of real defect

Defect sample A Defect sample B Defect sample C

Test image

Reference image

difference image

Naturally occurring clear defects were not observed.

Sample Si capping w/o buffer / Inspection mode : DDR

(Opaque defect exist at reference image)
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ＷａｆｅｒＷａｆｅｒ print samples of program defect print samples of program defect 

Main pattern size 325nm hp on mask (65nm on wafer) 

MASK

WAFER

MASK

WAFER

Wafer print images : ASET
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SummarySummary

Future workFuture work
– Defect inspection using smaller pixel size / shorter wave length light 

– EUV mask defect inspection was evaluated using current DUV 
inspection tool. 
� DUV inspection tool has potential  for EUV mask defect 

inspection. 
(Need sensitivity improvement for 3X nm node and beyond)  

� Inspection sensitivity difference was not observed between w/ 
and w/o buffer surface.

� Defect sensitivity of hp180nm pattern was slightly lower than 
hp 260nm pattern. 

� Inspection sensitivity of Ru capping sample was close to Si 
capping sample. 
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